Introduction: To evaluate the clinical impact of a comprehensive care bundle for the management of candidemia. Methods: A quasi-experimental pre-post study was implemented. During the pre-intervention period (May 2014-September 2015), a non-Enhanced digital features To view enhanced digital features for this article go to https://doi.
mandatory antifungal stewardship program (ASP) was implemented, and patients with candidemia were visited by an infectious disease specialist who provided diagnostic and therapeutic advice according to standard of care as soon as possible. During the post-intervention period (October 2015-May 2017), patients were managed according to a candidemia care bundle with clear and structured recommendations written in their medical history. Results: Overall, 109 patients were included, 56 in the pre-intervention and 53 in the post-intervention period. Overall, compliance with the Candida bundle significantly improved between the pre-[27/56 (48.2%)] and post-intervention [43/53 (81.1%); p = 0.01] period. Individual bundle components that significantly improved in the post-intervention period were early adequate antifungal therapy [47/56 (83.9%) vs. 51/53 (96.2%), p = 0.05], early adequate source control of the infection [37/56 (82.2%) vs. 41/53 (97.6%), p = 0.03] and appropriate duration of therapy [27/56 (48.2%) vs. 43/53 (81.1%), p = 0.01]. Adherence to follow-up blood cultures, ophthalmologic examination and echocardiography improved in the postintervention period, but the difference was not statistically significant. Multivariate analysis revealed that being managed according to candidemia bundle had a favorable impact on 14-day mortality (HR 0.08, 95% CI 0.01-0.45, p = 0.02) and 30-day mortality (HR 0.40, 95% CI 0.18-0.89, p = 0.02).
INTRODUCTION
Candida bloodstream infection (BSI) is a lifethreating disease associated with significant morbidity, mortality and high healthcare costs. Complications are frequent [1, 2] , and mortality ranges between 20 and 45% [3] [4] [5] .
Prompt diagnosis, early administration of appropriate antifungal therapy and adequate source control of infection have been shown to be key factors that improve the prognosis of patients with candidemia [6] [7] [8] [9] [10] . Infectious disease (ID) consultations providing diagnostic and therapeutic bedside recommendations as a part of antifungal stewardship programs (ASP) have also been demonstrated to be associated with a better prognosis for candidemic patients [11] [12] [13] .
However, the recommendations provided by the ID consultants in such studies were not structured according to a bundle approach, and specific interventions were not always completed in time.
Our hypothesis was that the systematic implementation of structured recommendations aimed at enhancing adherence to evidence-based indicators could improve both diagnostic procedures and antifungal therapy and eventually the outcome of patients with candidemia. Therefore, the aim of this prospective study was to evaluate the all-cause 14-and 30-day mortality in candidemic patients before and after the implementation of a bedside checklist care bundle in our antifungal stewardship program.
METHODS

Study Setting
This study was performed at the Hospital Universitario General Gregorio Marañó n, a 1550-bed tertiary care institution in Madrid, with a full range of clinical services attending a population of approximately 715,000 inhabitants.
Study Population
All consecutive adult patients ([ 18 years of age) with at least one episode of candidemia diagnosed over the May 2014 to May 2017 period were eligible for the study. Exclusion criteria were: patients with a life expectancy of \ 72 h or those who were transferred to another healthcare facility.
Study Design
We performed a pre-post quasi-experimental study. During the pre-intervention period (May 2014-September 2015), a non-mandatory ASP was implemented at our hospital [12] , and patients with candidemia were visited by an ID specialist who provided diagnostic and therapeutic advice according to standard of care as soon as possible.
During the post-intervention period (October 2015-May 2017), patients were managed according to a candidemia care bundle. Briefly, two ID physicians with specific expertise in mycology and antifungal therapy followed all candidemic patients and actively promoted adherence to bundle endpoints providing clear and structured recommendations that were written in the patients' medical history. In particular, ID physicians performed follow-up visits of all candidemic patients to (1) review antifungal therapy and change it according to culture results and (2) request (based on the checklist) follow-up blood cultures, ophthalmologic examination or echocardiography. In addition to visits scheduled according to the study protocol (Table 1) , further clinical assessments were also performed according to patients' clinical need. Patients were followed up until 30 days from Candida BSI onset or until death.
Intervention
The care bundle and quality ''indicators'' were extracted after having reviewed and collectively discussed the best practice advances in the management of candidemia [10] . The quality indicators were required to adhere to the following criteria: (1) the indicators are generally accepted clinical practice and supported by evidence; (2) the completion of each indicator can be determined by a yes or no on the checklist.
Six recommendations were therefore included in our care bundle for candidemia. Each one was provided in a structured form and checked on a list. Bundle endpoints included: (1) 
Endpoints
Considering that among patients with candidemia 30-day mortality is mainly related to the underlying disease of the patients [9] , and assuming that an adequate management of candidemia could have an impact on 14-day related mortality, the main outcome of our study was 14-day all-cause mortality. As secondary outcome, we considered the adherence to all the quality indicators of the Candida bundle and 30-day mortality rate.
Definitions
An episode of candidemia was defined as a patient that had at least one peripheral blood culture positive for Candida species. Sepsis, severe sepsis or septic shock were recorded on the day of candidemia [14] . Pitt's bacteremia score was defined according to the standard international criteria [15] .
As for the source of infection, an episode of candidemia was considered catheter-related if (1) the catheter tip culture was positive with the same Candida species, (2) there was evidence of exit site catheter exudate with the same Candida species or (3) the differential time to positivity of BCs obtained from the catheter and peripheral veins was C 2 h [16] .
The urinary tract was considered the portal of entry in patients with urologic predisposing conditions (i.e., manipulation or obstruction of the urinary tract) and evidence of urinary tract infection caused by the same species of Candida.
The abdomen was considered to be the origin of the candidemia when a patient had evidence of abdominal infection and (1) a positive culture from the intra-abdominal space was obtained during surgery or by needle aspiration and/or (2) no other apparent sources of candidemia were detected. When a source of candidemia could not be identified, candidemia was defined as ''primary''.
Patients were considered to have Candida septic metastasis when an infection due to the [17] ; ocular candidiasis was classified based on previous criteria [2, 5] ; septic thrombophlebitis required the presence of venous thrombosis, confirmed by imaging techniques, in the setting of persistent candidemia [10] .
Early antifungal treatment was defined as adequate if a recommended dose of an antifungal drug was administered within 72 h after candidemia onset, and it was found to be effective by in vitro susceptibility testing. Early adequate source control was defined as removal of the indwelling catheter or surgical drainage of deep infection within 72 h after the index blood sample had been drawn. For patients with candidemia without metastatic infection, duration of antifungal therapy was considered adequate when it lasted at least 14 days from the first negative blood cultures. For patients with candidemia with metastatic infection (i.e., ocular candidiasis, lung metastasis) and/or other complications (i.e., thrombophlebitis), duration of treatment was considered adequate when it reached at least 4-6 weeks or even longer in case of infective endocarditis.
Data Collection
Data were prospectively recorded on a standardized case report form that included demographics, comorbidities, predisposing risk factors within the preceding 30 days, clinical severity according to the Pitt score, source of the infection, adherence to the Candida bundle, clinical management of the patients including antifungal choice, length of therapy and adequate source control of the infection and all-cause mortality.
Statistical Analysis
Descriptive statistics were used to summarize the data. Quantitative variables are reported as median and interquartile range (IQR) and categorical variables as counts (%). The chi-square test or Fisher exact tests were used to compare the distribution of categorical variables, including the clinical characteristics of the preand post-intervention period and the association between individual risk factors and mortality rate. The t-test or Mann-Whitney test was used to compare quantitative variables. Statistical significance was set at p \ 0.05. The Kaplan-Meier curve was constructed to show the relationship between the intervention strategy and 14-day survival. The statistical analyses were performed using Microsoft SPSS PC?, version 15.0 (SPSS, Chicago, IL, USA).
RESULTS
The flowchart study is shown in Fig. 1 . Overall, 147 patients were diagnosed with an episode of candidemia, 73 in the pre-intervention and 74 in the post-intervention period. In the pre-intervention period, ten patients were excluded because they were aged \ 18 years, and six died within the first 72 h; one patient was transferred to another hospital. In the post-interventional period, 13 patients were excluded because they were aged \ 18 years, 4 declined participation, 3 died within the first 72 h, and 1 was transferred to another healthcare facility.
The demographics and clinical features of the 109 patients in the study populations are shown in Table 2 
Comparison Between the Pre-and Postintervention Period
The main demographic characteristic and risk factors for candidemia in the pre-and post-intervention period are compared in Table 2 . Both populations were similar, and no statistically significant differences were detected regarding the demographics, underlying diseases, risk factors for candidemia, severity of disease and Candida species. However, in the pre-intervention period, patients had an intra-abdominal origin more often than those in the post-intervention period [12/56 (21.4%) vs. 6/53 (11.3%)], but this difference was not statistically significant (p = 0.20). During the pre-intervention period, ID physicians visited patients in 50/56 cases (89.2%), whereas 53/53 patients (100%) were visited in the post-intervention period (p = 0.71).
Overall, compliance with the Candida bundle significantly improved between pre-[27/56 (48.2%)] and post-intervention [43/53 (81.1%); p = 0.01] period (Table 3 ). Individual bundle components that significantly improved in the post-intervention period were early adequate antifungal therapy [47/56 (83.9%) vs. 51/53 (96.2%), p = 0.05], early adequate source control of the infection [37/56 (82.2%) vs. 41/53 (97.6%), p = 0.03] and appropriate duration of therapy [27/56 (48.2%) vs. 43/53 (81.1%), p = 0.01]. Moreover, adherence to follow-up blood cultures, ophthalmologic examination and echocardiography improved in the postintervention period, but the difference was not statistically significant. bundle remained the only variable independently associated with a decreased all-cause mortality at both 14 (HR 0.08, 95% CI 0.01-0.45, p = 0.02) and 30 days (HR 0.40, 95% CI 0.18-0.89, p = 0.02) ( Table 6 ).
DISCUSSION
Our study shows that the combination of a comprehensive candidemia bundle with antifungal stewardship program involvement significantly improves adherence to guideline recommendations and overall management of patients with candidemia. This novel approach was effective and resulted in a reduction in 14and 30-day all-cause mortality in the post-intervention group.
To our knowledge, this study is one of the largest and most inclusive study evaluating the clinical impact of a checklist care bundle for management of patients with candidemia. However, many published studies have described individual aspects of the bundle being associated with better prognosis (i.e., early adequate antifungal administration or adequate source control) [6] [7] [8] [9] ; only three recent studies have addressed the impact of a bundle approach on the management of patients with candidemia [18] [19] [20] . Antworth et al. [18] conducted a single-center study of 78 patients with candidemia and demonstrated improved compliance with all candidemia care bundle elements, but not significant differences in clinical outcome.
Takesue and colleagues [19] performed a nationwide study of 608 patients with candidemia to investigate compliance with their bundle and its impact on mortality. Unfortunately, study participation by infection control doctors was entirely voluntary, and the candidemia bundle was not systematically [20] .
In our study, the overall compliance with quality indicators was significantly improved in the intervention group, mainly driven by improvements in the administration of early adequate antifungal therapy, early source control of infection and adequate length of antifungal therapy. Notably, the improvements were demonstrated in a clinical setting with long experience in an antifungal stewardship program [12, 21, 22] , in which the comparatively pre-intervention adherence to recommendations was particularly high (80.4-89.3%). These results highlight the importance of candidemia bundle implementation even in institutions with high baseline adherence and not only in hospitals with low baseline rates of bundle adherence, where the impact of the intervention could be even better than ours.
Regarding this aspect, the current study is the first demonstrating how the systematic implementation of a candidemia bundle can be associated with decreased all-cause mortality. Although previous studies showed that infectious disease consultation was associated with better management and patient outcome [11] [12] [13] , we surprisingly found that 89.2% of the patients in the pre-intervention period were visited by an infectious disease specialist. We believe that using a structured ''checklist'' for It is important to mention that other reasons could explain the better evolution of patients treated according to our candidemia bundle. First, our bundle was unique in that we not only looked at the intervention of implementing a candidemia protocol, but also looked at multiple aspects in the process of care, including management of other concomitant infections, medication toxicity and drug-drug interactions. All these items could have contributed to better use of antifungal therapy, especially in a population with multiple comorbidities such as ours. Second, in our bundle we included ''adequate source control of the infection'' rather than the ''simple'' CVC withdrawal included in all earlier studies as a major recommendation [18] [19] [20] . As previously reported, the benefit of early CVC withdrawal might be disputable when the source of candidemia is not the catheter [23, 24] . Considering that 30-40% of candidemic patients had an origin other than CVC, the more restrictive definition of adequate source control used by Antworth, Takesue and Goulorius [18] [19] [20] may explain why their reports were not able to find a significant association between the bundle interventions and mortality.
Finally, in contrast to previous studies, we did not include ''de-escalation to fluconazole'' [20] or ''step-down therapy'' [19] as a care element of our bundle. Although these components may play a significant role in terms of length of hospitalization and costs, its role in terms of improvement of patient outcome could be limited. In our opinion, future studies should be performed to compare candidemia bundles to identify one that is easier to perform and associated with a better outcome.
This study has some limitations that should be assessed. First, it is a quasi-experimental prepost study design that lacks randomization. Thus, we may not have taken changes in standard of care for patients with candidemia during the study periods into account. Second, being a single-center study, the external validity should be confirmed. To note that our study was performed in a tertiary university hospital with a long history of antifungal stewardship and ID consultations, where all colleagues (even those in specialties other than infectious disease, e.g., surgeons, ophthalmologists, cardiologists) are clearly aware of the severity of Candida BSI. Therefore, the impact of the intervention could be not fully reproducible in other facilities without an antifungal stewardship program or ID consultation service. However, the results of this approach, based on the early involvement of an ID specialist in the 
CONCLUSION
In conclusion, according to our study hypothesis, the introduction of a comprehensive candidemia bundle with antifungal stewardship program involvement significantly improved adherence to quality indicators, overall management and clinical evolution of patients with candidemia. Our study encourages the systematic use of care bundles for the management of candidemia.
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